BRAIDED channels consist of a network of river channels separated by small and often temporary islands. There are several indices to describe braiding intensity of a river based on different characteristics, e.g. bar dimensions and frequency [1] [2] [3] , number of channels in the network 4, 5 and the total channel length in a given river length 6, 7 . Plan Form Index (PFI) ratio calculates degree of braiding by utilizing flow top width of mid-channels, overall width of the channel and number of braided channels 8 . All indices consider one or two parameters from a braided channel, e.g. length of bars, mid-channels, main-channel or centre line and number of channels in a cross section.
Different approaches for measurement of braiding indices can be grouped into two types: (i) counting the number of active channels or braid bars per transect across the channel belt, and (ii) calculating the ratio of the sum of channel lengths (in a reach) to a measure of reach length 9 . It is observed that, none of the methods to determine braiding index used number of mid-channel bar, which is a key factor of a braided channel. Hence, a new index has been introduced in the present study to calculate braiding of a large alluvial river using fraction of area covered by sandbars, number of mid-channel bars and maximum width of the reach.
Braiding was studied for the Brahmaputra River in Assam (India). The Brahmaputra is an extremely dynamic and predominantly braided river in the world 10 . It has a peculiar drainage pattern, diverse geological setting, high sediment load and critical bank erosion problem 11 . In the entire course of the Brahmaputra, approximately 100 km reach known as Tsangpo gorge where the river abruptly bends southward, is a locus of extremely rapid and focused erosion [12] [13] [14] [15] . Steep slopes of river and tributaries in the mountainous reaches led to high sediment generation and transportation. Sudden decrease in slope of the Brahmaputra results in a large amount of sediment deposition developing a prominent braided pattern near Pasighat in Arunachal Pradesh, where the slope is abruptly decreased (from 8.27 m/km in the reach between Pi in Tibet and India to 1.52 m/km in the reach between entry to India and Pasighat). The slope further decreases during the course of the river, showing a more prominent braided pattern in the plains.
Seven methods (Table 1) suggested by different researchers were used to calculate braiding. Different parameters were extracted from Landsat images of 1973 and 2014 (Table 2 ) using remote sensing (ERDAS Imagine) and GIS techniques (ArcGIS 10.1). The years 1973 and 2014 were selected due to availability of satellite images and to study the changes in a 40-year period.
Images were procured for the same season of the year to minimize inconsistencies in data. Post-monsoon data were used due to low cloud cover and proper channel and sandbar definition available during this season. Raw data consisting of individual bands of each satellite image were combined in ERDAS Imagine image processing software to create a composite image. The images were then pre-processed with image enhancement techniques like haze reduction, brightness and contrast to make the process of information extraction easier. Images were then stitched to create a single seamless mosaic image for the entire stretch of the river which was utilized to interpret and extract the bank line, river centre line, main channel, braided channels and sandbars in ArcGIS 10.1. The Brahmaputra River in Assam was divided into 16 reaches, each with a length of 40 km. These were numbered A new braiding formula was suggested:
where X is the fraction of area covered by bars, N* the number of mid-channel bars, L the length of reach and W is the maximum width of the reach. In the formulation of the method, the following points were considered: (i) River or reach with more fraction of area by bars has more braiding value. (ii) In case of same fraction of area by bars, the number of mid-channel bars will influence braiding value. (iii) Braiding of rivers or reaches with same fraction of area by bars and same number of mid-channel bars will differ by maximum width. (iv) Length is used in denominator to get a dimensionless value of braiding index.
The lengths of the centre line, main channel, sand bars and mid-channels in the sixteen reaches of the Brahmaputra River, needed for calculation of braiding parameters, were obtained from Landsat images of 1973 and 2014 (Figures 2 and 3, Table 3 ) using GIS tools. Fraction of area covered by bars, number of mid-channel bars and maximum width and length of reaches in 1973 (Table 4) and 2014 (Table 5 ) were used to calculate the new braiding parameter suggested in the present study.
Braiding values obtained for different reaches of Brahmaputra are shown in Table 6 and Figure 4 . Despite variations in braiding values using different approaches, similar trend was observed in all reaches. Lower values of PFI were observed in braided reaches because PFI value and braiding are inversely proportional to each other. Ten reaches, i.e. reach nos 1, 2, 3, 4, 6, 9, 10, 13, 15 and 16, had greater braiding values in 1973 than the average value for the entire Brahmaputra River in Assam. In 2014, nine reaches, i.e. reach nos 1, 2, 5, 6, 10, 12, 13, 15 The suggested index shows result comparable with other approaches. All braiding indices are more or less sensitive to flow stage and the channel count index is more accurate because it is not sensitive to variations in channel sinuosity and orientation 16 . The new index has shown a relatively better correlation with sinuosity than braiding values obtained from other approaches (Table  7) . Moreover, the new parameter has very good correlation (0.97) with number of sandbars.
Braiding classification was suggested by Sharma 8 : highly braided: PFI < 4; moderately braided: 19 > PFI > 4 and low braided: PFI > 19. With reference to braiding Table 8 . The reaches which were only low and moderately braided in 1973, became moderately braided and highly braided during the 40 years . Braiding value increased by more than 50% in reach nos 2, 5, 6, 8, 10, 11, 12, 13, 14 and 15 during 1973-2014 . More than 100% increase in braiding was observed in reach nos 5, 12 and 14 ( Figure 5 ). This increase was due to development of more sandbars and distributaries resulting in increased mid-channel lengths and sandbar lengths. Area of Brahmaputra River in Assam has increased from 4906 km 2 in 1973 to 6258 km 2 in 2014. Widening of the river resulted in loss of huge land area by bank erosion in many locations. But, the increased area of Brahmaputra in Assam is not linked solely to river bank erosion. Increase in area (28%) of Brahmaputra during 1973-2014 was also due to bifurcation of streams without loss of land in addition to river bank erosion.
This paper has introduced a new braiding index for a large alluvial and braided river like the Brahmaputra using the number of mid-channel bars/river islands, which is a determining parameter of braiding. The suggested braiding index shows result comparable with other established approaches. One utility of the new index is that it has shown better correlation with sinuosity. River or reach with more fraction of area by bars has more braiding value. The number of mid-channel bars influences braiding value in case of same fraction of area by bars. Rivers or reaches with same fraction of area by bars and the same number of mid-channel bars will differ in braiding value by maximum width.
